Excess or lack of levels of nitrate in drinking water is harmful to the human health, the concentration of 3 NO − ions must be maintained at 50 mg/l. Donnan dialysis (DD) used as a driving force of the concentration gradient is an effective and simple technique for nitrate removal. In this paper, the transport of nitrate through an AMX anion-exchange membrane has been studied as a function of driving ion nature, receiver phase concentration, flow rate, temperature and agitation rate under Donnan dialysis condition. It was observed that the hydrodynamic conditions and temperature were the main variables affecting the transmembrane flow. As the driving ion, the chloride ion is more efficient than the hydrogeneocarbonate ion. The systematic study of the different parameters involved showed that the nitrate removal efficiency obtained with a feed synthetic nitrate solution (62 ppm) was off 96%. This efficiency slightly decreases for a tap water containing the same nitrate concentration; it was about 84%. This can be attributed to the complex ionic composition of the natural water.
Introduction
Nitrate is mainly found in most of natural waters at moderate concentrations but is often enriched to over the contaminant levels from the excessive using of fertilizers and uncontrolled discharge of raw [1] - [3] . Excess nitrate in water supplies can cause eutrophication, which comprises an abundance of aquatic plants, growth of al-gae, and depletion of dissolved oxygen in water [4] . Furthermore, the presence of nitrate ions in drinking water is a potential public health hazard and can cause infant methemoglobinemia, "blue baby" syndrome [5] .
In order to protect public health from the adverse effects of high nitrate intake, Word Health Organisation (WHO) set the standard as 50 mg/l to regulate the nitrate concentration in drinking water [6] .
To remove nitrate from water, several techniques are available: biological [7] - [11] ; chemical [12] and physico-chemical such as donnan dialysis [13] , electrodialysis [14] - [18] , electrodeionization [19] , reverse osmosis [20] [21] and ion exchange [22] - [24] .
Reverse osmosis and electrodialysis have better economics, larger automation possibilities, lower level in feed and process parameters control and no need for extensive post treatment [25] [26] . However, the utility of these processes has been limited as they are relatively expensive and merely displace nitrate into centrated waste brine that may pose a disposal problem [27] .
Donnan dialysis is a simple and one of the most economic membrane processes. The driving force of the process is the chemical potential gradient of components of two solutions separated by a membrane. During donnan dialysis there is a stoichiometric exchange of ions of the same charge (so called counter-ions) through an ion-exchange membrane, and the process ends when donnan equilibrium is reached. The main advantage of this process is that it is economical, simple and especially energy-saving [28] . In spite of these advantages, the process is not yet applied in the industry.
The studies which use donnan dialysis (DD) as separation process to remove nitrate ions are rare. Therefore, the objective of this work is to eliminate nitrate from water by using anion-exchange membrane. To achieve this purpose, the DD is applied for the nitrate removal from a feed synthetic nitrate solution (62 mg/l) and from a tap water containing the same nitrate concentration.
The effect of the counter-ion, the chloride concentration in the receiver compartment, the flow of circulation of the solution, the agitation rate and the temperature were investigated.
Experimental

Materials
All chemicals were reagent grade, purchased from Aldrich and their solutions were prepared without further purification with distilled water.
AMX anion exchanges membrane, obtained from Japanese firm, which was kindly provided by Eurodia, has quaternary ammonium as a functional group. The ion-exchange capacity, water content and thickness of the membrane are 1.3 mmol/g, 26.1% and 0.14 mm, respectively.
Donnan Dialysis Experiments
For denitration a cell of dialysis of filter-press type was used. The experimental device is presented in Figure 1 . The dialyses cell is built from a bar of polymethacrylate, what allows to have a chemical and electric slowness. The cell includes two compartments assembled between them by intermediate of thread stalks. Both blocks link by the adjustment of a male part in another female. The anionic membrane inserted in the middle assures the waterproofness between both compartments. Hats situated in the extremities contain a boring in which comes to find accommodation a magnetic stirrer of shape studs. This one is trained by a rotating magnetic field generated outside of the cell by blocks of excitement. A peristaltic pump provided with two heads assure the traffic of the fluids in both central compartments. Therafter, we note feed compartment, the one containing the solution to be treated (nitrate solution) and receiver the one containing the solution which is going to exchange its anions with nitrates (NaCl or NaHCO 3 solution).
Analytical Method of Anions Concentration Measurement
The concentrations in nitrates at the exit of the receiver and in chloride (or hydrogenocarbonate) at the exit of the feed are then measured. Nitrates are measured according to Rodier protocol [29] . The nitrate concentration in the drinking water is always comprised between 10 −4 and 10 −3 M. However it is possible to find waters particularly charged with a concentration which can be superior to 10 −3 M. This brings us to study a concentration of 10 −3 M.
Results and Discussions
Effect of the Driving Ion
The counter ion X − used for nitrate removal from drinking water has to facilitate and favor the extraction of nitrates. For the good progress of the Donnan dialysis, it is necessary to choose against ions so as to minimize associations between these last ones and the fixed sites of the membrane. Indeed, the nitrate removal efficiency depends on the nature of the ions used to make the extraction. It's better to use monovalent ions because they can move easily through the membrane better than the bivalent which can interact with the fixed sites [30] - [33] . For this reason we proceeded to study two against monovalents ions (Cl − and 3 HCO − ).
To be able to choose the most adequate driving ion in our study, we realized various dialyses by changing every time the nature of the counter-ion X − in the receiver solution with X − = Cl − or 3 HCO − . The results of the realized dialysis are represented on the Figure 2 .
By comparing the curves of the Figure 2 , we can conclude that chloride should be chosen as the driving ion for the transport of nitrate. This finding in the present study agreed well with the reported literature [34] .
Effect of the Chloride Concentration in the Receiver Solution
In the receiver compartment, the efficiency of the transfer is conditioned by the ionic activity of chlorides and their concentrations. This parameter must be optimized thus carefully. For this study, we maintained constant the concentration of the feed solution (10 −3 M in 3 NO − ) and we varied that of receiver solution containing Cl − in the range of (0.01 M -0.5 M). The obtained results are represented on the Figure 3 .
By examining this curves, we notice that the kinetics of the four curves are very fast during the first hour to stabilize later. We can conclude also that the increase of the concentration of Cl − in the receiver allows increasing the return on elimination of nitrates. Then the denitratation is more successful by using [Cl − ] = 0.5 M in the receiver solution. This result is in agreement with that reported by Dieye [35] who, to see the influence of the concentration in the receiver, fix that of the feed and made essays of dialysis for various concentrations in the receiver. He noted that the increase of the amount of the counter-ion in the receiver allows increasing strikingly the quantity transferred from a compartment to the other one. It will be thus preferable in practice to work with the highest possible chloride concentration in the receiver compartment.
Influence of the Flow of Circulation of the Solutions
The flow of circulation translates the residence time of the solutions in every compartment, thus their time of contact with the membrane. To bring to light its influence on the return on elimination of nitrates, we varied the flow of circulation of the fluids (Q) from 180 to 450 ml·h −1 with a concentration of 10 −3 M in nitrates in the feed compartment and 0.5 M of chloride in the receiver solution.
The essays presented on the Figure 4 were realized with the membrane AMX while adjusting the excitement to its maximal value in both compartments.
According to these curves, we note that the kinetics of transfer are important during the first hour of the experience, then it stabilizes gradually until reach the state of balance. The return on elimination of the nitrates decreases with the increase of the flow of circulation of the solutions.
Effect of the Temperature
As shown in Figure 5 , the removal of the nitrates ions decreases as a function of the temperature. In fact, the nitrate removal efficiency is off 98% at 25˚C but it decrease to 35% at 35˚C. we can conclude that the AMX anion exchange membrane is more efficient at low temperature.
Effect of the Agitation Rate
To study the influence of the agitation rate, we have realist ionic dialysis with membrane AMX, a solution of Figure 6 shows that the nitrate removal efficiency increases with the stirring velocity. The transfer is obtained with a maximum agitation. This variation can be due to the reduction in the boundary layers of diffusion which can have a major influence on the transfer of the ions in the two compartments.
Nitrate Removal from Synthetic Water by Donnan Dialysis
Having to determine the optimal parameters for nitrate removal by Donnan dialysis study, we proceed to eliminate by this technique the nitrates of synthetic water possessing the same composition as that of a tap water but we changed the content in nitrate for which exceed the standards and of another synthetic solution which contains only the nitrates ion of 10 −3 M. We realized this study by following the optimal conditions deducted from studies carried in the previous part ([ 3 NO − ] = 10 −3 M; [Cl − ] = 0.5 M; T = 25˚C; Q = 180 ml·h −1 ). The nitrate removal efficiency is summarized in Table 1 . The obtained results in the Table 1 indicate that in the optimal conditions, the return on elimination of nitrates of the synthetic solution of the tap water is considered as mattering because it exceeds 84%. But this value remains less important by comparing it with the value of the return obtained with the solution which contains only the nitrates ions and which exceeds 96%. This profit can be explained by the influence of the presence of the other anions ( Cl − , 2 4 SO − , 3 HCO − ) in the tap water who prevent the passage of the nitrates ions through the anion exchange membrane first of all, what reduces the return on the Donnan dialysis.
Conclusion
Donnan dialysis is a simple and one of the most economic membrane processes. The driving force of the process is the chemical potential gradient of components of two solutions separated by a membrane. During Donnan dialysis there is a stochiometric exchange of ions of the same charge (so called counter-ions) through an ionexchange membrane, and the process ends when Donnan equilibrium is reached. An important field of Donnan dialysis application is undesired ions removal from water. The experiments performed in this work show that the hydrodynamic conditions and temperature are the main variables affecting the transmembrane flow. In fact, the nitrate removal efficiency increases with the stirring velocity and is about 98% at 25˚C.
